ABSTRACT. We have employed a quantum confinement (QC) model to the study of different shapes of nanocrystalline silicon (nc-Si) quantum dot. Each dots (shapes), although within the limits of an effective diameter of 3nm, exhibits divergence leading to different electronic energy based on the transitions from the quantum selection rule. Also, the graphical representation of the energies from each shape as a function of the effective diameter gives a qualitatively similar spectrum of discrete energies. The results obtained in this work using QC model are in good agreement with experiment and other models in literature.
INTRODUCTION
With the recent progress in the last years of novel technologies in semiconductor growth, the discoveries in the physics of low-dimensional systems such as nanocrystals have concurrently opened new channels in this extremely active field of both theoretical and experimental research [1, 2] . The nanocrystalline silicon (nc-Si) is extremely investigated, not only because of its various applications, but also because of the interest presented by new phenomena that takes place at nanometric scale. Among the new nanoscale [3] [4] [5] [6] phenomena, a leading place belongs to the quantum confinement (QC) [3, 4] . Quantum confinement in nano semiconductors (which occurs when electrons are strongly confined in one, two or three dimensions), is the basis behind research and development of low-dimensional semiconductor nanostructures [7] . QC effect plays a major role in the behaviour of the nanocrystal systems. In the case of the nanocrystalline silicon (nc-Si), quantum confinement is dominant in transport processes and has an important contribution in their electronic phenomena. Silicon nanocrystalline properties which are derived from this effect, are very sensitive to shape and size [3, 5, 6, 8] distributions within the sample. It is therefore important to control this size with a maximum accuracy. Nanocrystalline silicon (nc-Si) is obviously compatible with the classical silicon-based devices [9] [10] [11] [12] . The quantum confinement determines the enlargement of the band gap [13] and leads to the breakdown of the momentum conservation rule [14] , as well as the appearance of new energy levels and supplementary transitions [11, 12] . The calculation of the binding and transition energies for a shallow donor impurity in cylindrical QWWs as a function of the wire radius have been reported [15] . In this paper, we have employed quantum confinement (QC) to study different shapes of nanocrystalline silicon (nc-Si) quantumdots based on the quantum selection rule and investigating their size dependent electronic energy as a function of their effective diameter on single material level in order to reveal the basic mechanism of its electronic properties as the main goals of the present work. The rest of this paper is organized as follows: Section 2 presents the theoretical formalism, and in Section 3 the results and discussion are presented. Finally, we draw a brief conclusion in Section 4.
THEORETICAL FORMALISM
Considering a nanocrystalline silicon material under a good first approximation where the electron Hamiltonian is given by the sum of a 1D Bloch-like longitudinal part and a 2D infinite quantum well (IQW) transversal part, the electronic energy generated from quantum confinement (QC) model is given as: [4, 12] E ≡ . Since the energy is spin, s, independent, leading to a disappearance of the first term, equation (2) is then reduced to
is the transversal effective electron mass, d is the effective diameter and the terms in bracket are transitions between quantum confinement levels conditioned by the quantum selection rules [4, 9] . For a cylindrical shape, ,
is the p-th zero of the Bessel function ( ) l J z , [16] and l being the orbital quantum number. In the following, the QC levels will be quoted (l, p). For a square prism, equation (3) 
x y l n n = −
where x n and y n are the corresponding quantum numbers for a two dimensional quantum well, and 0 l = means that there is no orbital motion. Quantum dots are spherical in shape. The quantum confinement energy levels are ( ) 
RESULTS AND DISCUSSION
We have considered a cylindrical, square, and spherical shapes of quantum-dots made of nanocrystalline silicon (nc-Si) in this work with the results as presented in Figures 1, 2 and 3 . The z > . The electron is squeezed in smaller diameter than in latter cases. From the graphs, the weak radial confinement (d ≥ 3nm) and strong axial confinement case indicate that the electronic energy tends to the value of the two dimensional hydrogen donor (E b → 4d) [17] .
In the case of finite height potential barrier, the electronic energy increases with decreasing effective diameter of the nanocrystalline silicon dot, reaching a maximum value and finally decreases exponentially with increasing effective diameter of the dots. Again, while the nc-Si effective diameters becomes very large (d >> 3nm), the ground state electronic energy converges to the corresponding bulk values because the electrons no longer interacts with the nc-Si QD boundaries, hence any impurity introduced will behave like a free hydrogen atom. Also, for effective diameters greater than 3nm, there are no more energy bands but permissible quasi-bands formed by neighboring QC energy levels, separated by relatively large intervals known as forbidden bands. Due to the small number of atoms in a nc-Si dots, the forbidden bands are increased with respect to the bulk crystal materials (with more than 100% for sizes of the order of 3 nm) tending to a direct band. This indicates that the momentum conservation law no longer holds, due to the reduction in number of states in a quasi-band [18] . In the Figures, the QC energy level for which n x =1 and n y =5 (i.e. CYLIN 1,5; SQU 1,5 and Spher 1,5) has the highest energy while the QC level for which n x =1 and n y =1 (i.e. CYLIN 1,1; SQU 1,1 and Spher 1,1) has the least energy, followed by the level for which n x =1 and n y =2 (i.e. CYLIN 1,2; SQU 1,2 and Spher 1,2). This shows that the energy of a particular level depends on the difference between the quantum numbers at that level. Nevertheless, Figures 1, 2 and 3 have a transition in their QC energy levels leading to a bunch as their quantum numbers increases higher. Another close view on the graphs of the nc-Si quantum dots shows that the increase in the electronic energy will be more pronounced for large dot sizes. However, the results are in perfect conformity with other experimental predictions [3, 4, 19] ,
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which states that, all three shapes will have quantitatively the same results; and that the confinement of electrons in various dimensions always lead to a qualitatively similar spectrum of discrete energies. This is true for a broad class of potential wells, irrespective of their dimensionality and shape. Thus, from the Figures, it is vividly observed that the energy of the nanocrystalline silicon material is maximum in square shapes, followed by cylindrical shapes and least in spherical shapes.
A possible reason for this may be due to discretization of the QC energy levels as a result of changes in dimensions [19] .
CONCLUSION
Quantum confinement (QC) study on nanocrystalline silicon (nc-Si) quantum dots have been carried out to study dominant role played on the electronic properties of the different shapes of the nc-Si quantum dot. The model allows for the identification of the energy transitions between the different shapes based on the quantum selection rules. The confinement of electrons in various dimensions leads to a qualitatively similar spectrum of energy discretization. However, the computed results obtained are in good conformity with other experimental predictions and models in literature.
